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 Abstract 
Wind erodibility of soils (WE) is a prime factor for the prediction, 
assessment and mapping of wind erosion.  Availbility of WE data in Sudan is 
inadequate.  Therefore, more wind erodibility data are needed to establish 
broad-base data, which may assist in quick mapping of wind erosion in 
Sudan.  The data of this study are aimed to generate wind erodibility and 
pertinent relationship for soils of Sennar State.  Surface soil samples (0-
3cmm)  collected from forty seven locations, covering most irrigated and 
rain-fed schemes in Sennar State. Non-erodible soil particles (NEPs) (>0.84 
mm in diameter) were determined. 
Physical and chemical soil properties, relevant to WE were determined.  
Regression analysis showed that NEP significantly increased with increase in 
clay (P<0.001, R2 = 0.3857), silt (P<0.001, R2 = 0.2518), Organic matter 
(P<0.001, R2 = 0.0962), and SAR (P<0.05, R2 = 0.1006), and decreased with 
increase in sand (P<0.001, R2 = 0.3961), (silt + sand )/clay (P<0.001, R2 = 
0.3889), (silt + sand)/(clay + organic matter) (P<0.001, R2 = 0.3919), (silt + 
sand)/(clay + calcium carbonate) (P<0.001, R2 = 0.4183). Electrical 
conductivity of the soil saturation extract (ECe), and calcium carbonate had 
no significant effect. 
Multiple regression equation between NEP and the four soil variables was 
derived for prediction of NEP (R2 = 0.495). The analysis showed high 
percentage of non-erodible particles ranging between 99 and 86 %, and no 
signs of wind erodibility was recorded in the studied area.   
 
 
  اﻻﻃﺮوﺣﻪ ﻣﻠﺨﺺ
 ﻣﺤﺪودﻳﺔ ان ,ﺑﺎﻟﺮﻳﺎح اﻟﺘﻌﺮﻳﻪ وﺗﺨﺮﻳﻂ وﺗﻘﺪﻳﺮ ﻟﻠﺘﻨﺒﺆ اﺳﺎﺳﻴًﺎ ﻋﺎﻣًﻼ ﺑﺎﻟﺮﻳﺎح ﻟﻠﺘﻌﺮﻳﻴﻪ اﻟﺘﺮﺑﻪ ﻗﺎﺑﻠﻴﺔ ﻌﺘﺒﺮﺗ
 ﺗﺨﺮﻳﻂ ﻓﻲ ﻟﻠﻤﺴﺎهﻤﻪ اﻟﺒﻴﺎﻧﺎت ﻻآﻤﺎل اﻟﺒﺤﺚ ﻣﺘﺎﺑﻌﺔ اوﺟﺐ ﺑﺎﻟﺴﻮدان،  اﻟﺮﻳﺤﻴﻪ اﻟﺘﻌﺮﻳﻴﻪ ﻋﻦ اﻟﺒﻴﺎﻧﺎت
 ذات واﻟﻌﻼﻗﺎت ﺑﺎﻟﺮﻳﺎح ﻟﻠﺘﻌﺮﻳﻴﻪ ﺑﻪاﻟﺘﺮ ﻗﺎﺑﻠﻴﺔ ﻋﻦ ﺑﻴﺎﻧﺎت ﻻﺳﺘﻨﺒﺎط اﻟﺪراﺳﻪ هﺬﻩ ﺗﻬﺪف .ﺑﺎﻟﺮﻳﺎح اﻟﺘﻌﺮﻳﻪ
 .ﺳﻨﺎر وﻻﻳﺔ ﻟَﺘﺮب اﻟﺼﻠﻪ
 اﻟﻤﺮوﻳﻪ اﻟﻤﺸﺎرﻳﻊ ﻣﻌﻈﻢ ﺷﻤﻠﺖ ﻣﻮﻗﻌًﺎ  وارﺑﻌﻴﻦ ﻣﻦ ﺳﺒﻌﺔ(  ﺳﻢ3-0)ﺳﻄﺤﻴﻪ ﺗﺮﺑﻪ ﻋﻴﻨﺎت ٌﺟﻤﻌﺖ
 ﺑﻌﺾ ﻗﺪرت ( .ﻣﻠﻢ  <48.0اﻗﻄﺎرهﺎ)  ﻟﻠﺘﻌﺮﻳﻴﻪ اﻟﻘﺎﺑﻠﻪ ﻏﻴﺮ اﻟﺤﺒﻴﺒﺎت ﻧﺴﺐ ﺗﻘﺪﻳﺮ ﺗﻢ .ﺑﺎﻟﻮﻻﻳﺔ واﻟﻤﻄﺮﻳﻪ
 .ﻟﻠﺘﻌﺮﻳﻴﻪ اﻟﺘﺮﺑﻪ ﺑﻘﺎﺑﻠﻴﺔ ﻋﻼﻗﻪ ﻟﻬﺎ اﻟﺘﻲ ﻴﻤﻴﺎﺋﻴﺔواﻟﻜ اﻟﻔﻴﺰﻳﺎﺋﻴﺔ اﻟﺨﻮاص
 اﻟﻘﺎﺑﻠѧﻪ  ﻏﻴѧﺮ  اﻟﺤﺒﻴﺒﺎت ﻧﺴﺒﺔ ﻓﻲ%  100.0ﻣﻦ اﻗﻞ ﻣﺴﺘﻮى ﻋﻨﺪ ﻣﻌﻨﻮﻳﻪ زﻳﺎدﻩ ﻋﻠﻰ اﻻﻧﺤﺪار ﺗﺤﺎﻟﻴﻞ دﻟﺖ
              اﻟﻌѧѧﻀﻮﻳﻪ اﻟﻤѧѧﺎدﻩ ، 8152.0( = 2ر )اﻟѧѧﺴﻠﺖ، (  =7583.0  2ر) اﻟﻄѧѧﻴﻦ زﻳѧѧﺎدة ﻣѧѧﻊ ﻟﻠﺘﻌﺮﻳﻴѧѧﻪ
      اﻟѧѧﻲ اﻟﻄѧѧﻴﻦ وﻧѧѧﺴﺒﺔ ،=6001.0(  2ر) )RAS(  ﻤѧѧﺪﻣﺺاﻟ اﻟѧѧﺼﻮدﻳﻮم ،= 5690.0(  2ر)
 اﻟﻘﺎﺑﻠѧﻪ  ﻏﻴѧﺮ  اﻟﺤﺒﻴﺒѧﺎت  ﻧѧﺴﺐ  ﻓѧﻲ  ﻣﻌﻨﻮﻳѧﺎ ً اﻧﺨﻔﺎﺿѧﺎ ً اﻋﻄѧﺖ  آﻤѧﺎ . =5053.0(  2ر )( اﻟﺮﻣѧﻞ +ﻟѧﺴﻠﺖ ا)
  وﻧѧﺴﺒﺔ  ،  =1693.0(2ر) اﻟﺮﻣѧﻞ ﻣѧﻦ آѧﻞ  ﺑﺰﻳѧﺎدة%   100.0ﻣѧﻦ اﻗѧﻞ  ﻣѧﺴﺘﻮى  ﻋﻨѧﺪ ﻟﻠﺘﻌﺮﻳﻴѧﻪ 
 آﺮﺑﻮﻧѧﺎت  +اﻟﻄѧﻴﻦ )  اﻟѧﻲ   (اﻟﺮﻣﻞ+اﻟﺴﻠﺖ)   وﻧﺴﺒﺔ  ،  =9883.0(  2ر  )اﻟﻄﻴﻦ اﻟﻰ(  اﻟﺮﻣﻞ+اﻟﺴﻠﺖ)
 (          اﻟﻌѧﻀﻮﻳﻪ  اﻟﻤѧﺎدﻩ  +اﻟﻄѧﻴﻦ )  اﻟѧﻲ   (اﻟﺮﻣѧﻞ + اﻟѧﺴﻠﺖ )  وﻧѧﺴﺒﺔ  ،  (= 3814.02ر)  (اﻟﻜﺎﻟѧﺴﻴﻮم 
 .ﻣﻌﻨﻮﻳﻪ ﻏﻴﺮ ﻋﻼﻗﺔ )eCE(  اﻟﻜﻬﺮﺑﻲ واﻟﺘﻮﺻﻴﻞ اﻟﻜﺎﻟﺴﻴﻮم آﺮﺑﻮﻧﺎت اﻋﻄﺖ  ﺑﻴﻨﻤﺎ   9193.0(  =2ر)
   ﻟﻠﺘﻌﺮﻳﻴﻪ اﻟﻘﺎﺑﻠﻪ ﻏﻴﺮ ﺑﺎﻟﺤﺒﻴﺒﺎت ﻟﻠﺘﻨﺒﺆ ﻟﻠﺘﺮﺑﻪ اﻟﻤﺴﺘﻘﻠﻪ ﻏﻴﺮ اﻟﻤﺘﻐﻴﺮات ﻣﺘﻌﺪدة اﻧﺤﺪار ﻣﻌﺎدﻟﺔ أﺳﺘﻨﺒﻄﺖ
 (ﻣﻠﻢ<48.0 اﻗﻄﺎرهﺎ) ﻟﻠﺘﻌﺮﻳﻪ اﻟﻘﺎﺑﻠﻪ ﻏﻴﺮ اﻟﺤﺒﻴﺒﺎت ﻣﻦ ﻋﺎﻟﻴﻪ ﻧﺴﺒﻪ اﻟﺪراﺳﻪ اﻇﻬﺮت ( .  = 594.02ر)
 .ﺑﺎﻟﻮﻻﻳﻪ اﻟﺮﻳﺤﻴﻪ ﻟﻠﺘﻌﺮﻳﻪ ﻣﺆﺷﺮات اي ﺗﻮﺟﺪ ﻟﻢ .  68% و  99% ﺑﻴﻦ ﺗﺮاوﺣﺖ 
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                                            Chapter One 
Introduction 
Desertification is one of the most resource management problems facing the 
world today. It is an interaction of biological, ecological, and socioeconomic 
dimensions. 
The 1992 United Nations Conference on Environment and Development 
(UNCED) included desertification among the major global environmental 
issues, addressed in its program of action (Agenda 21), and defined it as, land 
degradation of arid, semi-arid, and dry sub-humid areas, resulting from 
various factors, including climatic variations, and human activities. Where 
land in this context include, soil, local water resources, land surface, and 
vegetation or crops, while the term degradation implies, reduction of resource 
potential on land (Lean, 1995). 
The reduction occurs by one or more of the following desertification 
processes: water erosion, wind erosion, vegetation degradation, 
salinization/sodication, loss of organic matter, crusting/compaction and 
accumulation of toxic substances in soils. 
Desertification is a major environmental problem threatening the existence of 
man on dry lands.   It is mainly caused by human activities such as 
deforestation, overgrazing, over-exploitation of vegetation, salinization and 
climatic variation. It is distinguished from desert encroachment which is 
essentially sand creep from the desert margin to a neighboring land. 
The Sudan is Africa's largest country (2.5 km2) and with the biggest 
agricultural potential of the continent. Desertification is considered the most 
serious environmental problem facing the Sudan, and affecting the country's 
 development. The first serious sign of soil degradation in the Sudan was 
reported by Kenedy Cooke, (1944). He reported that, rapid deterioration of 
soil and vegetation were occurring in parts of the Red Sea Hills, which was 
considered as a warning that such problems might be developing elsewhere, 
particularly around town peripheries and settlement areas in Kordofan and 
Darfur.  
Desertification is not only threatening the agricultural base of production, but 
also the existence of the livelihood of the people and social fabric of the 
communities. Thirteen States in Sudan are seriously affected by 
desertification to varying degrees.  
Wind erosion is the main desertification process in the Sudan. It changes soil 
characteristics. It alters the fertility of a soil, and affects its ability to support 
productive agriculture, in other words, progressive soil erosion increase the 
magnitude of soil related constraints to production. Furthermore, soil erosion 
affects the structural stability of the soil and, on the whole can have harmful 
effects on seed-bed preparation, tilth, organic matter, type and amount of 
clay, surface water shortage, and other physical and chemical aspects, all of 
which in turn affect the soil productivity. 
Wind erosion depends on wind erosivity and soil erodibility and degree of 
plant cover. The principal factor affecting erosivity is the force of the wind 
on the ground surface. Erodibility is the susceptibility of the soil to both 
detachment and transport by wind or water, and it varies with soil texture, 
aggregate stability, shear strength, infiltration capacity, organic matter, and 
salts. The organic and chemical constituents of the soil are important, 
because of their influence on aggregate stability. Soils with less than 2 
percent organic carbon, equivalent to about 3.5 organic content, can be 
 considered erodible. Erodibility is strongly dependent on the stability of the 
soil material > 0.84 mm (Black and Chanasyke, 1989). For the success of any 
plan to combat desertification, the first step in soil conservation is to assess 
and map the major hazard, which is soil degradation. One of the main 
indicators for the assessment of land degradation is soil loss by wind erosion 
expressed in tons/ ha/year.  Most of the research already undertaken on 
erosion were directed towards measuring the rate of soil loss and modeling 
the interaction of parameters that cause erosion. There is currently 
insufficient data available on wind erodibility in Sudan. There is a need to set 
up more wind erodibility monitoring to complement the one based in Sudan. 
Thus this study was conducted to achieve the following objectives: 
1. Estimation of broad-base quantitative data on wind erodibility for the 
soils of Sennar State. 
2. Establishment of procedures for monitoring desertification by wind 
erosion in arid and semi-arid zones of the Sudan.  
3. Investigation of the effects of clay, silt, sand, O.M., CaCO3, ECe, 
SAR, Clay ratio and sand plus silt ratio on particles > 0.84mm and 
wind erodibility.  
4. Establishment of regression relationships between wind erodibility 
and the various soil properties and ratios.  
 
 Chapter Two 
Literature Review 
2.1 Desertification processes: 
Desertification is a consequence of people's efforts to live on the natural 
resources of their fragile ecosystems. Estimates by Dregne and Mabbutt in 
the early 1980s suggested that over 30 million Km2 suffered from at least 
moderate desertification. 
Nearly 27 million ha. of valuable fertile land is lost every year, or 47 ha 
every minute by desertification (UNCOD, 1977), and the pace of this 
destructive process is such that every passing day is a step closer towards 
ecological disaster. 
The 1992 United Nation Conference on Environment and Development 
(UNCED) in Rio de Janerio, Brazil (Earth Summit) agreed to the following 
definition: Desertification is land degradation in arid, semi-arid, and dry sub-
humid areas, resulting from various factors, including climatic variations and 
human activities. The natural and induced desertification processes include 
degradation of vegetation cover, wind erosion, water erosion, 
salinization/sodication, reduction in soil organic matter, soil crusting and 
compaction, and accumulation of substances toxic to plants or animals 
(Anonymous, 1979).  
The first four are determinative, and the remaining three are subordinate. 
Each process has three aspects, namely status, rate and risk, all of which 
determine the overall desertification hazard. The most degraded soils were in 
arid and semi-arid lands. Wind erosion is the main desertification process in 
the Sudan. 
 2.2 The Magnitude of desertification: 
In the Sudan, desertification occurs to varying degrees in the areas lying 
between latitudes 10º and 18º N and traverses the country from the eastern to 
the western borders. It also includes a narrow strip of land along the river 
Nile stretching northward to the Egyptian border between longitudes 30º and 
32º E. Thirteen states are affected by desertification, namely, Northern, River 
Nile, Red Sea, N. Kordufan, N. Darfur, W. Kordufan, W. Darfur, Kassala, 
Gedarif, Khartoum, White Nile, Gezira, and Sennar. These States, including 
the desert in the north, cover an area of 178 million ha, i.e. 72% of the total 
area of the country. Desertification ranges from very severe in the northern 
fringe of the semi-desert ecological zone to moderate in the southern fringe 
of the low rainfall savanna (Anonymous, 1985; Salih, 1996). Recent 
assessments showed that severe and very severe soil degradation cover a total 
area of 58 million ha., while land degradation totaled 75 million ha. 
indicating  avegetation degradation of 17 million ha. (UNEP/ ISRIC/ 
GLASOD 1990; Dregene et al., 1991; Ayoub, 1998). It was estimated that 
wind erosion, water erosion, chemical and physical deterioration of the soil 
covered 27.0, 18.2, 15.8 and 3.0 million hectars, respectively.  
2.3 Wind erosion: 
Wind erosion is the process, by which loose, dry, surface material is picked 
up and transported by the wind, and surface material is abraded by wind 
borne particles.The spatial redistribution and resorting of particles by wind 
erosion may have profound effects on the affected soils. Although soil 
erosion by wind is generally believed to be of consequence only in semi and 
arid areas, it can be a problem wherever soil, vegetative, and climatic 
conditions are conductive (FAO, 1960). 
 These conditions exist when: (1) The soil is loose, dry, and reasonably finely 
divided; (2) the soil surface is smooth and vegetative cover is absent or 
sparse; (3) The field is sufficiently large; and (4) the wind is sufficiently 
strong to move soil. Those conditions more often prevail in semi arid and 
arid areas, where precipitation is inadequate or where the vagaries from 
season to season prevent maintenance of crops or residue cover on the lands.  
Wind erosion processes, has two distinct phases: detachment of soil particles 
from the soil mass and their transport by wind.  Soil particles are transported 
by three mechanisms: 
2.3.1 Mechanisms:    
1. Saltation: Where the eroded particles bounce or eject off the surface 
bed into the air stream or move forward. Almost 50-75% of the 
movement of soil particles is through saltation (Chepil, 1945). It is 
quantitatively the most important process. Most of saltating particles 
range from 0.1- 0.5 mm in diameter.  
2. Surface creep: Rolling or sliding of larger particles with energy 
derived from saltation particles.  About 7 – 25% of the total soil 
movement is through surface creep. Particles of sizes ranging between 
0.5-1.0 mm move by surface creep. 
3. Suspension: Particles smaller than 0.1mm in diameter are carried to 
great heights by the eddies of the erosive winds, 3-40% of the eroded 
soils are carried by suspension. An eroding wind act on the soil like a 
fan removing the fine, porous particles, and leaving the coarse and 
denser particles behind (Chepil, 1957; Daniel and Langham, 1936;    
and Moss, 1935). 
Wind erosion physically removes from the field, the most fertile portion of 
 the soils, and therefore lowers productivity (Daniel and Langham, 1936). By 
relating crop yield to soil thickness and determining potential annual soil 
loss, Lyles (1975) estimated annual yield reduction of 9.2 thousand tons of 
wheat and of 13.8 thousand tons of grain sorghum on 0.5 million ha of sandy 
surface soils in South Western Kansas. Mukhtar and Mahasin (1995) studied 
wind erosion in South Khartoum with the aid of aerial photo interpretation; 
identified three classes of wind erosion, namely slight, moderate and severe 
covering 31.7, 0.1 and 1.6 km2, respectively. Mustafa and Medani (2003), 
Medani and Mustafa (2003) studied wind erodibility in Khartoum and North 
Darfur States, recommending the use of (silt + sand)/ (Clay + CaCO3) ratio as 
predictor of both non-erodible particles (NEP) and soil erodibility by wind 
(WE). They proposed wind erodibility groups, which correlated very well 
with those established in other countries. 
Abd Elwahab, (2005) studied wind erodibility in Northern State, he found 
that (NEP) significantly increased with increase in clay, silt, CaCO3 and OM 
contents, and significantly decreased with increase of sand content. 
2.3.2 Causes of wind erosion: 
2.3.2.1 Human activities: 
This constitutes the major factor of wind erosion in arid, and semi-arid lands, 
particularly in developing countries, where the relatively poor populations, 
over-exploit the weak balanced environment. They cultivate their marginal 
lands to secure stable food, over-cut the neighboring forests, and natural 
grasses for domestic uses, and their livestock over-graze the land. The net 
result is degradation of vegetation cover, which accelerates erosion by both 
wind and water.    
In Sudan, the activities that accelerate wind erosion include: 
 a. Overgrazing: The most widespread cause of soil degradation is by 
grazing animals and other effects of livestock such as trampling and 
consequent compaction. It was estimated that 47% of total land 
degradation is due to overgrazing.  
b. Deforestation and wood cutting for establishing large scale 
mechanized schemes, making charcoal, building, of houses and animal 
enclosures, and making of implements is the second cause of soil 
deterioration. About 18.7% of the total land degradation was attributed 
to this cause.  
c. Up rooting of shrubs, to be used as a source of energy. 
d. Burning of grasses, trees and shrubs. 
e. Cultivation of marginal soils, and the abandonment of rotation or bush 
fallows system in small scale farming. 
f. Lowering of the water table due to excessive use. 
2.3.2.2 Adverse climatic conditions: 
Recurrent droughts, and climatic-induced ecological change, are the major 
factors in the formation of the deserts. In the arid zone, climate is the major 
control of land use, as many activities are carried out close to their minimal 
requirements. Hence even small climatic fluctuations can produce major 
effects on crop growth and animal survival. One of the issues pertaining to 
the management of arid environments is that assessment of the role of 
climatic change, in desertification (Nemec, 1985). The successive droughts of 
1968, 1973/74, 1984/85 and 1993/1994, coupled with poor sandy soils in the 
northern parts. of the country, fluctuating rainfall and land misuse, had upset 
the ecological balance in the region, and led to land degradation and poverty. 
This scenario is considered a main driving force of land degradation in North 
and West Kordofan and Darfur States.  
 2.3.3 Impact of wind erosion: 
The most serious damage caused by wind erosion, is that it physically 
removes the most fertile portion of the soil, and therefore, lowers its 
productivity (Daniel and Langham, 1936). 
The greater erosion effect on yield is caused by the fact that most plant 
available nutrients are found in the top plow layer and that erosion 
preferentially removes organic matter, and clay content, which holds these 
nutrients (Lal, 1988). 
Wind erosion has, on-site and off-site effects:  
    (i) The on-site effects include. 
1 Reduction of soil fertility due to preferential removal of organic matter 
and clay particles, losses of fertility, gives lower returns per hectare. 
2 Sand blasting may cut down plants or damage the foliage. 
3 Seeds and seedlings maybe blown away and deposited in hedges or 
other fields. 
4 Removal or redistribution of agrochemicals e.g. fertilizers and  
pesticides. 
5 Soil borne disease maybe spread over the field or adjacent fields. 
   (ii)The off-site damage includes: 
6 Soil particles that move in suspension pollutes the air, and obscure 
visibility, causes traffic hazards, fouls machinery, and imperils animals 
and human health. Cost of removing sand from ditches, roads, 
houses… etc.  
 
 
 2. 3. 4 Characteristics of winds: 
Winds are variable in velocities and directions producing gusts and eddies 
that lift and transport soil particles. Soil movement is initiated as a result of 
the turbulence and velocity of the wind. The velocity required to start moving 
increases as the weight and sizes of the particles increase. For many soils, 
this velocity is about 18 mph at a height of 3 ft above the ground, and the 
velocity required to sustain movement, once started is less than that required 
to start blowing. The major portion of soil movement occurs near the soil 
surface at a height not greater than 30cm. 
Laboratory studies by Chepil (1945) have shown that, the amount carried 
near the surface may vary from 62% to 97 % of the total. 
2.3.5 Mechanics of wind erosion: 
Surface wind movement of soil particles is caused by wind forces exerted 
against the surface of the ground. The average forward velocity of the wind 
near the ground increases logarithmically with height above the ground 
surface. The change in velocity with height is known as velocity gradient, 
which determines the shear stress or drag force exerted on the ground 
surface.      
The velocity gradient is given by the following equation:- 
 ∂ν               ν*2               (1) 
           ∂z              k z 
Where ν is mean wind speed at height z above the mean ground surface. 
k is the Vonkarman constant (0.4); and ν* is friction velocity further defined 
as (τ/ρ)½, where τ is surface shear (force per unit surface area), and ρ is air 
density, thus the surface shear is:           τ = ρν*2                  (2)  
 The surface shear associated with the decrease in wind velocity near the 
surface is vertical transfer of horizontal momentum. (Momentum mass time 
velocity), decreases as the surface is approached. The eddy diffusion equation 
for steady-state, on dimensional momentum transport is given by: 
τ = ρkm    ∂ν       (3)  
                ∂z 
Where km is momentum-transfer coefficient. 
The integrated form of equation (1) over a rough surface becomes. 
      V=   ν*  In       Z-Zd 
               k                Zo 
Where Zd, the effective displacement height, is the distance from the ground 
surface to the plane at which the momentum transfer coefficient extrapolates 
to zero. The roughness parameter Zo is the distance from the displaced 
reference plane to the surface at which the wind profile extrapolates to zero. 
2.3.5.1 Factors affecting wind erosion:  
The rate of wind erosion depends on two main factors, namely, wind 
erosivity and soil erodibility. 
Erosivity factors: 
The factors affecting wind erosivity can be grouped into two categories: 
Those related to the nature of atmospheric flow itself, and those related to the 
main constraint of the flow, i.e. surface roughness.  
The principal factor affecting erosivity is the force of the wind on the ground 
surface. The minimal velocity of wind required to initiate soil movement is 
known as threshold velocity (Bagnold, 1943). 
The greatest single factor influencing the threshold velocity is the size of the 
soil grains. The threshold velocity is the lowest for grains 0.1 to 0.15 mm in 
 diameter which requires a velocity of 13 to 15 Km/hr at 15 cm above the 
ground. The threshold velocity increases with either an increase or decrease 
in the size of grains from these diameters (Stalling, 1957). 
Skidmore and Woodruff (1968) studied wind erosion in 212 locations in 
U.S.A and found that only mean wind speeds greater than 5.4 m/sec. were 
considered erosive. The erosivity of wind blowing in vector j is obtained 
from: 
            n                ─3  
EWj = ∑    fij  ν ij 
                     i=1    
Where EWj is the wind erosivity value for vector j. ν is the mean wind 
velocity, above threshold value taken as 5.4 m/sec in the ith speed group for 
vector j. 
fij is the duration of the wind for vector j in the ith speed group. Expanding 
this equation for total wind erosivity (EW) over all vector fields. 
            15       n             ─3 
EW = ∑  ∑  fij ν ij  
                 j = o   i =1 
Where vector j=0 to 15 representing the 16 principal compass directions 
beginning with j = 0 = E and working anti-clock wise, so that j = 1= ENE and 
so on. 
The following factors affect the force of the wind. 
(i) Vegetation cover: 
Vegetation cover can play an important role in reducing erosion, by reducing 
the shear velocity of wind by imparting roughness to the air flow, increasing 
roughness length and raising the height of mean aerodynamic surface by 
distance. Vegetation acts as a buffer between the atmosphere and the soil. For 
adequate protection, at least 70% of the ground surface must be covered 
 (ELwell and Stocking, 1976), but reasonable protection can be achieved with 
40% cover.  
(ii) Clods and Non-erodible fraction:  
Erosion continues until a sufficient number of non-eodible elements are 
uncovered on the surface. At this stage, the non-erodible elements provide 
direct cover and shelter to the fine grains on the surface. The point at which 
this cover is just sufficient to prevent movement from continuing or starting 
is called the critical surface barrier or critical surface roughness constant 
(Chepil, 1950). 
(iii) Ridge roughness:  
Chepil and Milne (1941) investigated the influence of surface roughness on 
intensity of drifting dune materials and cultivated soils. They found that the 
initial intensity of drifting dune was always much less over a ridged surface. 
Ridging a cultivated soil reduces the severity of drifting, and the rate of flow 
varies inversely with surface roughness. Armbrust et al. (1964) studied the 
effects of ridge-roughness equivalent on the total quantity of eroded material 
from soils exposed to different friction velocities. They found that riding may 
reduce wind erosion up to 50%. 
(iv) Shelterbelts:  
In general a shelterbelt is designed to rise abruptly on the windward side to 
provide both a barrier and a filter to wind movement. The correct density is 
equivalent to a porosity of 40 to 50%. Wind tunnel studies by woodruff and 
Zingg (1952) showed that, tree belts at right-angles to the wind afford this 
level of protection for a distance up to 17 times their height for open wind 
velocities up to 44 km/h.  
 
 2.4 Soil erodibility:  
Erodibility reflects the resistance of the soil to both detachment and transport.  
It is the potential soil loss in tons/acre/annum, from a wide, unsheltered, 
isolated field with a bare, non-crusted surface. It has been developed from 
wind tunnel and field measures of erodibility and is based on climatic 
conditions for the vicinity of Garden City, Kansas; during (1954 – 56 ). It is 
related to soil clodiness and its value increases as the percentage of soil 
fractions > 0.84 mm in diameter decreases. It can be determined by standard 
dry sieving producer. Erodibility varies with soil texture, aggregate stability, 
shear strength, infiltration capacity and organic and chemical contents. 
2.4.1 Factors affecting wind erodibility: 
Soil resistance to erosion depends in part on topographic position, slope 
steepness, and the amount of disturbance, for example during tillage, but the 
properties of the soil are the most important determinants. Erodibility varies 
with soil texture, aggregate stability, shear-strength, infltration capacity, and 
organic and chemical content. 
2.4.1.1 Soil texture: 
The influence of texture on erodibility is largely related to the soil moisture 
properties. Chepil (1955) found that, in general, the higher the proportion of 
silt and clay in a soil, the greater is the production of clods, and the lower is 
soil erodibility, and that large particles are resistant to transport, because of 
the great force required to entrain them, and that fine particles are resistant to 
detachment, because of their cohesiveness. The least resistant particles are 
silt and fine sands. Soils with high silt content are highly erodible. Evans 
(1980) prefers to examine erodibility in terms of clay content, indicating that 
soils with a restricted clay fraction, between 9 and 30% are the most 
 susceptible to erosion. The use of clay content as an indicator of erodibility is 
theoretically more satisfying, because the clay particles combine with organic 
matter (OM) to form soil aggregates or clods, and it is stability of these soil 
fractions which determines the resistance of the soil.  
2.4.1.2 Organic matter: 
The organic and chemical constituents of the soil are important, because of 
their influence on aggregate stability. The OM acts as a cementing agent of 
soil aggregates, in sandy soils, it increases the water holding capacity, while 
in clay soils it improves the soil structure, water movement and aeration. 
Soils with less than 2% organic carbon, equivalent to about 3.5% organic 
content, can be considered erodible (Evans, 1980). Most soils contain less 
than 15% organic content and many of the sands and sandy loams have less 
than 2%. Voroney et al. (1981), suggested that soil erodibility decreases 
linearly with increasing organic content over the range of 0 to 10%. Organic 
material can be added as green manure, straw or as manure which has already 
undergone a high degree of fermentation. The effectiveness of OM varies 
with the quantity of humus produced per unit of organic matter 
(Kolenbrander, 1974). Continuous addition of organic matter is necessary to 
improve cohesion. 
2.4.1.3 Soil moisture and aggregate stability: 
The resistance of the soil to wind erosion depends upon dry rather than wet 
aggregate stability, and on the moisture content. Wet soil being less erodible 
than dry soil, wetting of the soil weaken the aggregates, because it lowers 
their cohesiveness, softens the cements and causes swelling as water is 
absorbed on the clay particles. Rapid wetting can cause collapse of the 
 aggregates through slaking. The wetting up of initially dry soils results in 
greater aggregate breakdown than if the soil is already moist, as less air 
becomes trapped on the soil (Truman et al., 1990). Aggregate stability 
depends on type of clay mineral present, illite and smectite more readily form 
aggregate, but the more open lattice structure of these mineral, and the 
greater swelling and shrinkage which occurs on wetting and drying render the 
aggregates less stable than those formed from kaolinite. Identical treatment of 
different types of clay can have different effects (Thornes, 1980). Most clays 
loose strength when first wetted, because  the free water releases the bonds 
between the particles. Some clays, under moist but unsaturated conditions, 
regain strength over time; this process known as thixotropic behaviour, 
occurs because the hydration of clay minerals and the adsorption of free 
water promote hydrogen bonding (Grissinger and Asmussen, 1963). 
The strength of smectitic clays is largely dependant upon the sodium 
adsorption ratio, as this increases, the replacement of calcium and magnesium 
ions by sodium increases, so does water uptake and likelihood of swelling 
and aggregate collapse. High salt concentrations in the soil water, can partly 
offset this effect, so aggregate stability is maintained at higher sodium 
adsorption ratios (Arulanadan et al., 1975). 
2.4.1.4 Calcium carbonate (CaCO3): 
Calcium carbonate may act as a cementing agent of soil aggregates. Chepil 
and Woodruff, (1954) stated that when CaCO3 was increased from 3 to 10%, 
soil erodibility decreased, also when CaCO3 was added to fine loamy sands, 
mechanical stability was increased, whilst erodibility by wind is decreased. 
Increasing quantities of soil CaCO3 (up to 10%) decreased soil 
erodibility(Black and Chanasyke, 1989).  
 
 2.4.1.5 Alkali and other water–soluble salts: 
High proportion of exchangeable sodium can cause rapid deterioration in 
soil's structure on wetting with consequent loss of strength, followed by 
formation of surface crust, and decline in infiltration as detached clay 
particles fill the pore spaces in the soil (Shainberg and Letey, 1984).  
Addition of sodium- containing fertilizers to support crops such as tobacco, 
sometimes lead to quite small increases in exchangeable sodium, yet result in 
very marked structural deterioration of a previously stable soil (Miller and 
Sumner 1988). 
2.4.1.6 Estimation of soil erodibility:  
From wind tunnel test and field information, Chepil and Woodruff (1959) 
determined erodibilities of soil reasonably free from organic residues; 
clods>0.84 mm in diameter are non-erodible in the range of wind speeds used 
in the tests. A dimensionless soil erodibility index, was based on the non-
erodible fraction, (clods > 0.84 mm in diameter ).The quantity of soil eroded 
in wind tunnel is governed by the tunnel,s characteristics, Therefore, 
erodibility was expressed on dimensionless basis, so that for agiven soil and 
surfase condition, the same relative erodbility  value woud be obtained 
regardless of wind tunnel characteristics. The soil erodibility index was 
expressed as follows: I = X2/X1.  
Where X1, is the quantity  eroded from soil containing 60% of clods > 0.84 
mm in diameter, and X2 is the quantity eroded under the same set of 
conditions from soil containing any other proportion of clods > 0.84 mm in 
diameter. “I” give a relative measure of erodibility, but actual soil loss by 
wind is not known. The equation of potential soil loss and relative field 
erodibility is as follows:        Y = aXb – 1/cdx     
 Where Y is annual soil loss (Tons/ acre); X is the dimensionless relative field 
erodibility; and a, b, c and d, are constants equal to 140, 0.287, 0.01525, 
1.065, respectively (Chepil, 1960). 
 Chapter Three 
Materials and Methods 
3.1 The study area: 
The study area covered Sennar State, which lies between latitudes 11º-14º 
north, and longitudes 32º-36º east. The area lies within semi-arid with mean 
annual rainfall ranging from 400 mm in the north to 650 mm in the South. 
The rainy season occurs within the period of April to October. Temperatures 
are generally high averaging 40oC in summer to 15oC in winter, with relative 
humidity ranging between 20-80 %. The region is almost covered by deep 
black cracking clays, with some sandy pockets and, isolated hills. 
The natural vegetation includes: 
1. Acacia seyal (Talh) belt: This belt lies between 400 mm to 800 mm 
isohyets. 
2. Acacia mellifera (Kitr) belt: This belt is north of the talh, with less 
than 400mm isohyets. 
3. Acacia nilotica (Sunut) belt: This lies on both banks of the Blue Nile. 
The main types of Soils in Sennar State include: 
1. Soils of central clay plains (Vertisols): They are heavy cracking clay 
soils.They are derived from weathering products of igneous rocks of 
the Ethiopian high lands (Blue Nile), and from the eastern African 
plateau. 
2. Gerf soils (silty) of high fertility (Entisols). 
3. Soils of flooded plain (on both sides of the Blue Nile banks). 
Land use: 
The land use systems practiced in Sennar State constitute of the following: 
 1. Rainfed sector (traditional and mechanized) for growing crops and 
forage. This area is estimated as 5.5 mn feddans. 
2. Irrigational sector, for growing sugarcane, cotton, sorghum, and 
sunflower, the area is estimated as 450 thousand feddans. Horticulture 
crops including fruits and vegetables are grown in an area estimated 
as 100 thousand feddans. 
3. Wild life enclosures (Dinder National Park), in 3500 million feddans. 
3.2 Materials: 
Wide range of surface soil samples differing in texture were selected from 47 
locations in Sennar State (Table 3.1). The samples represented many 
locations covering Sennar State. The samples were collected from 
agricultural fields after completion of land preparation operations for season 
2004/2005. 
Three surface soil samples (0-3cm) per field were taken gently at random 
from a transect across the agricultural field using spade. The samples were 
carefully placed in bags to avoid fragmentation of aggregates and saved for 
measurement and analysis. Enough soil samples (1.5 kg) were taken from 
each location. 
3.3 Methods:  
3.3.1 Methods of estimating wind erodibility:     
Soil erodibility was determined by the standard dry-sieving method proposed 
by Chepil and Woodruff (1959). Manual sieving instead of rotary sieving 
was adopted. The following directives were followed: 
(i) One Kg. soil samples were obtained from surface layer (0-3cm) 
when soil is reasonably dry, if the soil is not near air dryness, 
dry it in the laboratory before sieving. 
 (ii) Remove stones and straw (if any) from the soil samples. 
(iii) Weigh the samples and sieve it on 0.84 mm (No.20), 20.3 cm 
diameters, sieve until the particles or aggregate < 0.84 mm 
diameter have passed through the sieve, weigh the amount of 
samples remaining on the sieve. 
(iv) Sieving times varied from 1 min. to 2 min. depending on the 
mechanical stability of the aggregates. 
(v) Calculate the mass percentage of non-erodible fraction (> 0.84 
mm) retained on the sieve from the total sample, and use the soil 
erodibility Table 3.2 to determine soil erodibility index. 
3.3.2 Chemical and physical analyses: 
The soil samples were crushed, passed through 2 mm sieve and saved for 
chemical and physical analyses. Particle–size distribution was determined 
using the hydrometer method described by Black et al. (1965). 
The texture classes of the soil samples were determined according to USDA 
textural triangle. Calcium carbonate contents were determined on samples 
which had effervescence in an acid drop test.  Calcium (Ca) and magnesium 
(Mg) were determined by titration against EDTA according to the method 
described by Chapman and Pratt (1961).  Soil pH in water determined using 
pH meter, and ECe was determined by ECe-meter (ECe bridge). 
Organic Carbon (O.C) and organic matter (OM) were determined by dry 
ashing method of Fredreck, translated by Ibrahim (1991).  Sodium (Na+) and 
Potassium (K+) were determined by using flame photometer, and sodium 
adsorption ratio (SAR) was calculated using the equation: 
                          Na+ 
SAR =          Ca++ + Mg++ 
                           2 
Where cation concentrations are given in meq/l.
 Table 3.1 Sennar State sampling areas: 
Location No. Site 
1.  Umm-Benein  
2.  El Nayra scheme 
3.  Masudiya 
4.  Tabaco-farm  
5.  Eneikliba  (1) 
6.  Eneikliba  (2) 
7.  Jaka village  
8.  El Amara village 
9.  Tayba-elahawein 
10.  Khalid station  
11.  Elnouranya (1) 
12.  Elnouranya (2) 
13.  Maurno 
14.  Wad-Hashim South (1) 
15.  Wad-Hashim North (2)  
16.  Sennar Junction  
17.  Arab Sudanese Seeds Company(1)   
18.  Arab Sudanese Seeds Company(2)  
19.  Agricultural research farm (1)  
20.  Agricultural research farm (2) 
21.  Dar-esalam 
22.  El-siriera  
23.  Wad-elrif 
24.  Shaleikha 
25.  Wad-Elfur  
26.  Menia  
27.  Hillet Saeed  
28.  Shasheina 
29.  El-suki scheme (1) 
30.  El-suki scheme (2) 
31.  El-suki scheme (3) 
32.  Wad Hashim east 
33.  Hamadnalla  
34.  El ramash  
35.  Eldanaglla (1)  
36.  Eldanagll (2) 
37.  Elshiekh Farah  
38.  Arakiyin  
39.  Kandawa (1) 
40.  Kandawa (2) 
41.  Sherif  
42.  Hilmi 
43.  Gah erkasul 
44.  Hillet Mahmoud  
45.  Amarat El-Gazuli 
46.  Kassab North  
47.  Abu-Elgoni  
 Table 3.2 Soil erodibility  for soils with different percentages of non-
erodible fractions as determined by standard dry sieving: 
Percentage of dry soil* 
fraction>0.84 mm 
                                     Units 
 0 1 2 3 4 5 6 7 8 9 
                                                                                   Ton/acre 
0 0 310 250 220 195 180 170 160 150 140 
10 134 131 128 125 121 117 113 109 106 102 
20 98 95 92 90 88 86 83 81 79 76 
30 74 72 71 69 67 65 63 62 60 58 
40 56 54 52 51 50 48 47 45 43 41 
50 38 36 33 31 29 27 25 24 23 22 
60 21 20 19 18 17 16 16 15 14 13 
70 12 11 10 8 7 6 4 3 3 2 
80 2 0 0 0 0 0 0 0 0 0 
* For a fully crusted soil surface, regardless of soil texture, the  
erodibility  is, on the average, about 1/6 of that shown. 
(Source: Woodruff and Siddoway, 1965). 
 Chapter Four 
Results 
4.1 Particle-size distribution and texture: 
Table 4.1 presents the particle-size distribution and texture classes of the soil 
samples of Sennar State. 
The mean clay content ranged from 36% to 52.6 %. The standard deviation 
(SD) and co-efficient of variation (CV) of the replicate samples of the 
individual fields ranged from 0.00 to 4.24 and from 0.0 to 17.3%, 
respectively. The all mean SD and CV for all soil samples were 1.39 and 3.3 
%, respectively. 
The mean silt content ranged from 11.6 to 24.4 % and the SD and CV values 
for the replicate samples of each field ranged from 0.00 to 6.77 and from 0.0 
to 42.3 %, respectively. The overall mean SD and CV for all soil samples 
were 1.33 and 9.0 %, respectively. 
The mean sand content ranged from 30.3 to 52.4 % and the SD and CV 
values for the soil samples ranged from 0.14 to 8.06 and 0.3 to 17.8 %, 
respectively. The over all mean SD and CV values were 1.96 and 4.6 % 
respectively. 
The texture classes ranged from clay to sandy clay, twenty two soil samples 
belonged to clay texture, twenty two were sandy clay, and three soil samples 
were clay-loam.  
4.2 Soil organic matter: 
The organic matter (OM) of the surface soil samples (0-3 cm) were shown in 
Table 4.2. The mean organic matter ranged from 0.24 to 0.43 %, the SD and 
CV values of the soil sample ranged from 0.00 to 0.11 and from 0.0 to 34.6 
%, respectively. The overall mean SD and CV values were 0.03 and 10.3 %, 
respectively. 
 4.3 Salinity and sodicity: 
Table 4.3 shows that the mean electrical conductivity of the saturation extract 
at 250C. The ECe value, ranged from 0.3 to 2.5 dS/m. The SD and CV values 
of the soil samples ranged from 0.00 to 2.40 and from 0.0 to 96.0 %, 
respectively. The overall mean SD and CV values were 0.19 and 25.0 %, 
respectively. 
The mean sodium adsorption ration (SAR) values of the individual soil 
samples ranged from 1.2 to 14.4, the SD and CV values of the Individual soil 
samples ranged from 0.00 to 11.2 and from 0.0 to 125.5 %, respectively. The 
overall mean SD and CV values were 1.53 and 32.8 %, respectively. 
4.4 Calcium carbonate: 
Table 4.3 shows that the mean calcium carbonate (CaCO3) of the individual 
soil samples ranged from 1.2 to 5.0 %. The SD and CV values of the 
individual soil samples ranged from 0.00 to 2.23 and from 0.0 to 74.1 %, 
respectively. The overall mean SD and CV values were 0.96 and 10.2 %, 
respectively. 
4.5 Soil particle > 0.84 mm: 
Table 4.4 shows that the mean percentage of the soil particles > 0.84 mm 
(non-erodible particles) ranged from 86.5 to 98.3 %. The SD and CV of the 
individual soil samples ranged from 0.05 to 3.94 and from 0.1 to 4.3 %, 
respectively. The overall mean SD and CV values were 1.02 and 1.1 %, 
respectively. 
4.6 Soil erodibility: 
Table 4.4 shows that no soil erodibility was recorded in the studied farms. 
 
 
 Table 4.1 Particle-size distribution and texture class of Sennar State Soil 
Samples. 
location 
No. 
Mean 
Clay% SD CV 
Mean 
silt% SD CV 
Mean 
Sand% SD CV Soil Texture 
1. 42.8 0.16 1.5 18.0 2.26 12.6 39.2 2.90 7.4 Clay 
2. 38.7 0.58 1.5 18.1 0.00 0.0 43.2 0.64 1.5 Sandy Clay 
3. 40.7 0.42 1.0 12.9 0.00 0.0 46.4 0.42 0.9 Sandy Clay 
4. 41.4 0.50 1.2 16.8 1.84 11.0 41.8 2.33 5.6 Clay 
5. 43.9 1.52 3.5 12.9 0.00 0.0 43.2 1.77 4.1 Clay 
6. 42.5 2.90 6.8 16.8 5.52 32.9 40.7 2.62 6.4 Clay 
7. 42.1 1.13 2.7 24.4 1.49 6.1 33.5 0.36 1.1 Clay 
8. 42.5 1.06 2.5 18.1 0.00 0.0 39.4 1.06 2.7 Clay 
9. 40.3 0.22 0.6 16.0 6.77 42.3 43.7 7.78 17.8 Clay 
10. 38.4 0.22 0.6 19.4 1.84 9.5 42.2 1.63 3.9 Clay loam 
11. 41.7 0.50 1.2 12.9 0.00 0.0 45.4 0.50 1.1 Sandy Clay 
12. 36.0 6.22 17.3 11.6 1.84 15.9 52.4 8.06 15.4 Sandy Clay 
13. 40.6 0.64 1.6 18.1 3.68 20.3 41.3 4.31 10.4 Clay 
14. 36.0 0.42 1.2 19.9 1.20 6.0 44.1 0.78 1.8 Clay loam 
15. 40.4 1.27 3.1 17.5 0.99 5.7 42.1 0.28 0.7 Sandy Clay 
16. 37.6 1.77 4.7 15.4 1.27 8.3 47.0 0.50 1.1 Sandy Clay 
17. 40.8 1.35 3.3 15.5 1.20 7.7 43.7 0.14 0.3 Sandy Clay 
18. 40.3 0.22 0.6 16.9 0.42 2.5 42.8 0.22 0.5 Clay loam 
19. 38.8 0.00 0.0 17.4 0.92 5.3 43.8 0.92 2.1 Clay 
20. 51.2 4.03 7.9 18.5 0.71 3.8 30.3 4.74 15.6 Clay 
21. 42.8 1.13 2.6 16.0 0.71 4.4 41.2 0.42 1.0 Clay 
22. 44.5 0.42 0.9 17.9 0.64 3.6 37.6 1.06 2.8 Clay 
23. 41.2 1.98 4.8 15.0 0.57 3.8 43.8 2.54 5.8 Clay 
24. 46.1 1.77 3.8 15.1 1.84 12.2 38.8 3.61 9.3 Clay 
25. 45.8 0.50 1.1 15.9 0.99 6.2 38.3 0.50 1.3 Clay 
26. 47.1 1.77 3.8 13.6 0.57 4.2 39.3 1.20 3.1 Clay 
27. 44.1 3.11 7.0 15.1 0.42 2.8 40.8 3.54 8.7 Clay 
28. 42.2 1.91 4.5 13.3 1.49 11.2 44.5 1.70 3.8 Sandy Clay 
29. 38.1 0.22 0.6 12.4 1.20 9.7 49.5 0.99 2.0 Sandy Clay 
30. 52.6 2.69 5.1 15.6 1.06 6.8 31.8 1.63 5.1 Clay 
31. 46.4 3.11 6.7 14.8 0.85 5.7 38.8 3.96 10.2 Clay 
32. 44.7 4.24 9.5 14.1 1.27 9.0 41.2 2.97 7.2 Clay 
33. 42.0 1.77 4.2 13.4 1.35 10.1 44.6 3.11 7.0 Sandy Clay 
34. 40.3 0.64 1.6 12.3 1.35 11.0 47.5 0.71 1.5 Sandy Clay 
 35. 49.7 0.71 1.4 14.8 0.64 4.3 35.5 1.10 0.3 Clay 
36. 44.5 2.69 6.1 14.4 1.41 9.8 41.1 4.10 10.0 Clay 
37. 39.5 0.50 1.3 12.9 1.13 8.8 47.6 0.64 1.3 Sandy Clay 
38. 40.6 0.64 1.6 12.6 2.51 20.9 46.8 2.97 6.4 Sandy Clay 
39. 40.3 1.13 2.8 13.7 1.61 11.8 46.0 0.14 0.3 Sandy Clay 
40. 40.6 3.54 8.7 13.4 1.20 1.0 46.0 4.74 10.3 Sandy Clay 
41. 36.9 0.00 0.0 12.0 1.56 13.0 51.1 1.56 3.1 Sandy Clay 
42. 39.8 1.77 4.5 13.5 0.71 5.3 46.7 1.06 2.3 Sandy Clay 
43. 39.5 1.13 2.9 13.5 0.92 6.8 47.0 2.05 4.4 Sandy Clay 
44. 39.2 0.50 1.3 13.6 0.64 4.7 47.2 0.14 0.3 Sandy Clay 
45. 38.0 0.22 0.6 12.0 1.41 11.8 50.0 1.20 2.4 Sandy Clay 
46. 38.0 0.22 0.6 12.5 2.12 17.0 49.5 1.91 3.9 Sandy Clay 
47. 39.5 1.77 4.5 12.5 2.19 17.5 48.0 0.45 0.9 Sandy Clay 
 
Overall mean 
 
1.39 
 
3.3 
  
1.33
 
9.0 
  
1.96 
 
4.6 
 
 Table 4.2: Soil organic matter (Si+S)/C; C/(Si+S) and (Si+S)/ 
(C+CaCO3) ratios of the studied samples of Sennar State. 
Location 
No. 
Mean 
OM. SD CV (Si+S)/C C/(Si+S) (Si+S)/(C+CaCO3)
1. 0.43 0.11 25.6 1.34 0.75 1.22 
2. 0.28 0.01 3.6 1.58 0.63 1.42 
3. 0.29 0.0 0.0 1.46 0.69 1.35 
4. 0.27 0.0 0.0 1.42 0.71 1.29 
5. 0.27 0.04 14.8 1.28 0.78 1.17 
6. 0.26 0.02 7.7 1.35 0.74 1.23 
7. 0.30 0.04 13.3 1.38 0.73 1.29 
8. 0.26 0.02 7.7 1.35 0.74 1.27 
9. 0.30 0.04 13.3 1.48 0.67 1.38 
10. 0.28 0.01 3.6 1.60 0.62 1.46 
11. 0.24 0.04 16.7 1.40 0.71 1.32 
12. 0.31 0.02 6.5 1.78 0.56 1.71 
13. 0.27 0.04 14.8 1.46 0.59 1.37 
14. 0.35 0.08 22.9 1.78 0.56 1.65 
15. 0.29 0.02 6.9 1.48 0.68 1.37 
16. 0.25 0.06 24.0 1.66 0.60 1.52 
17. 0.24 0.00 0.0 1.45 0.69 1.35 
18. 0.31 0.06 19.4 1.48 0.67 1.35 
19. 0.37 0.08 21.6 1.58 0.63 1.44 
20. 0.38 0.00 0.0 0.95 1.00 0.89 
21. 0.32 0.00 0.0 1.34 0.75 1.23 
22. 0.42 0.06 14.3 1.25 0.80 1.12 
23. 0.40 0.02 5.0 1.43 0.70 1.32 
24. 0.38 0.00 0.0 1.17 0.85 1.11 
25. 0.35 0.00 0.0 1.18 0.84 1.10 
26. 0.35 0.00 0.0 1.12 0.89 1.06 
27. 0.37 0.02 5.4 1.27 0.79 1.20 
28. 0.38 0.00 0.0 1.37 0.73 1.24 
29. 0.35 0.04 11.4 1.62 0.61 1.51 
30. 0.31 0.10 32.3 0.90 1.11 0.84 
31. 0.41 0.04 9.8 1.16 0.87 1.07 
32. 0.35 0.00 0.0 1.24 0.81 1.13 
33. 0.35 0.00 0.0 1.38 0.72 1.30 
34. 0.40 0.02 5.0 1.48 0.67 1.35 
 35. 0.37 0.02 5.4 1.01 0.99 0.95 
36. 0.31 0.10 32.3 1.25 0.80 1.16 
37. 0.30 0.08 26.7 1.53 0.65 1.42 
38. 0.32 0.04 12.5 1.46 0.69 1.35 
39. 0.32 0.00 0.0 1.48 0.69 1.37 
40. 0.32 0.00 0.0 1.46 0.69 1.33 
41. 0.37 0.02 5.4 1.71 0.59 1.52 
42. 0.34 0.02 5.9 1.51 0.66 1.38 
43. 0.35 0.08 22.9 1.53 0.65 1.41 
44. 0.33 0.04 12.1 1.55 0.64 1.41 
45. 0.32 0.04 12.5 1.63 0.61 1.46 
46. 0.26 0.09 34.6 1.63 0.61 1.51 
47. 0.34 0.02 5.9 1.53 0.65 1.39 
 
Overall mean 
 
0.03 
 
10.3 
   
 
 
 
 
 Table 4.3: Chemical analysis of Sennar State samples  
Location  
No. 
pH 
Paste 
ECe 
dS/m SD CV 
SAR 
(mmol/1)0.5 SD CV 
CaCO3
(%) SD CV 
1. 8.41 0.3 0.00 0.0 1.3 0.42 32.3 4.3 0.06 1.4 
2. 8.82 0.9 0.36 40.0 5.5 2.12 38.6 4.5 0.20 4.5 
3. 7.99 0.7 0.00 0.0 4.5 0.99 22.0 4.1 0.27 6.6 
4. 8.5 0.7 0.22 31.4 3.9 1.06 27.2 4.0 0.06 1.5 
5. 8.47 0.7 0.28 40.0 3.9 1.27 32.6 4.1 0.27 6.6 
6. 7.49 0.7 0.10 14.3 3.2 0.71 22.2 1.2 0.41 33.1
7. 8.41 0.9 0.64 71.1 5.9 5.72 97.0 2.7 0.34 12.5
8. 8.38 0.9 0.36 40.0 7.2 3.11 43.2 2.8 0.27 9.7 
9. 8.40 0.7 0.57 81.4 5.6 4.88 87.1 3.0 0.27 9.1 
10. 7.87 0.7 0.50 71.4 6.2 5.72 92.3 3.7 0.00 0.0 
11. 7.44 0.4 0.14 35.0 1.5 0.99 66.0 2.5 0.13 5.2 
12. 8.29 2.5 2.40 96.0 14.2 11.24 79.2 1.5 0.48 32.4
13. 7.61 0.9 0.22 24.4 6.3 1.84 29.2 2.8 0.06 2.1 
14. 8.20 0.5 0.00 0.0 5.3 0.57 16.3 2.8 0.20 7.1 
15. 8.59 0.8 0.14 17.5 5.1 0.99 19.4 3.0 2.23 74.1
16. 7.69 0.4 0.10 25.0 1.2 0.57 47.5 3.6 0.40 11.3
17. 7.88 0.7 0.14 20.0 4.1 0.36 8.8 3.2 0.21 6.5 
18. 8.73 0.6 0.10 16.7 4.0 0.99 24.8 3.8 0.00 0.0 
19. 8.0 0.4 0.10 25.0 2.0 1.00 50.0 3.6 0.47 13.1
20. 8.10 0.6 0.14 23.3 3.0 0.92 30.7 3.9 0.13 3.3 
21. 8.5 0.3 0.14 46.7 1.5 0.50 33.3 3.7 0.28 7.5 
22. 8.04 0.6 0.14 23.3 2.8 0.64 22.9 5.0 0.07 1.4 
23. 8.74 0.3 0.00 0.0 8.0 10.04 125.5 3.3 0.47 14.2
 24. 8.48 0.3 0.10 33.3 13.1 0.85 6.5 2.4 0.41 17.2
25. 8.42 0.5 0.22 44.0 14.4 0.78 5.4 3.4 0.07 2.1 
26. 8.30 0.4 0.10 25.0 1.8 0.64 35.6 3.0 0.06 2.0 
27. 8.85 0.9 0.22 24.4 4.9 0.00 0.0 2.4 0.27 11.3
28. 8.17 0.4 0.00 0.0 2.3 0.99 43.0 4.6 0.34 7.5 
29. 9.0 0.3 0.10 33.3 1.5 0.64 42.7 3.0 0.21 7.0 
30. 8.26 1.4 0.22 15.7 7.6 1.27 16.7 3.9 0.20 5.2 
31. 8.56 0.4 0.10 25.0 1.8 0.42 23.3 3.7 0.21 5.7 
32. 8.85 0.3 0.00 0.0 1.4 0.14 10.0 4.2 0.07 1.7 
33. 8.68 0.5 0.14 28.0 3.8 0.85 22.4 2.8 0.54 19.3
34. 8.53 0.5 0.00 0.0 3.6 0.64 17.8 4.1 0.75 18.3
35. 8.18 0.5 0.28 56.0 2.9 1.77 61.0 3.4 0.13 3.9 
36. 8.44 0.6 0.00 16.7 3.2 0.10 3.1 3.3 0.00 0.0 
37. 8.42 0.4 0.00 0.0 1.4 0.28 20.0 3.2 0.28 8.9 
38. 8.11 0.4 0.14 35.0 2.3 1.13 49.1 3.6 0.28 7.9 
39. 8.29 0.3 0.00 0.0 1.3 0.00 0.0 3.3 0.74 22.5
40. 8.27 0.4 0.10 25.0 2.5 1.20 48.0 3.4 0.13 3.3 
41. 8.29 0.6 0.10 16.7 4.6 0.78 17.0 4.7 0.40 8.5 
42. 8.23 0.7 0.10 14.3 6.5 1.77 27.2 3.8 0.54 14.1
43. 8.20 0.5 0.00 0.0 2.9 0.22 7.6 3.4 0.27 8.1 
44. 8.14 0.5 0.10 20.0 2.5 0.10 4.0 3.8 0.41 10.7
45. 8.23 0.4 0.00 0.0 2.2 0.00 0.0 4.4 0.13 29.5
46. 8.58 0.5 0.00 0.0 2.7 0.00 0.0 3.1 0.00 0.0 
47. 8.54 0.5 0.10 20.0 2.5 0.88 35.2 4.0 0.00 0.0 
Overall    0.19 25.0  1.53 32.8  0.96 10.2
 
 Table 4.4 Soil particles > 0.84 mm and erodibility of Sennar State soil 
samples. 
Location 
No. 
Soil particles >0.84 
mm% Mean% SD CV 
Erodibility 
(Ton/ha) 
1. 97.92 98.63 98.3 0.50 0.5 0 
2. 93.79 94.57 94.2 0.55 0.6 0 
3. 98.08 98.43 98.3 0.24 0.2 0 
4. 96.20 97.54 96.9 0.95 1.0 0 
5. 99.06 95.97 97.5 1.55 1.6 0 
6. 97.16 97.23 97.2 0.05 0.1 0 
7. 95.35 95.00 95.2 0.25 0.3 0 
8. 94.69 94.41 94.6 0.20 0.2 0 
9. 95.50 96.34 95.9 0.60 0.6 0 
10. 89.18 90.56 89.9 0.98 1.1 0 
11. 87.54 88.50 88.0 0.68 0.8 0 
12. 92.05 92.41 92.2 0.25 0.3 0 
13. 93.95 95.59 94.8 1.16 1.2 0 
14. 92.18 91.75 92.0 0.30 0.3 0 
15. 92.38 94.37 93.4 1.41 1.5 0 
16. 90.23 88.33 89.3 1.34 1.5 0 
17. 93.25 95.78 94.5 1.79 1.9 0 
18. 98.81 97.84 98.3 0.69 0.7 0 
19. 89.63 94.77 92.2 3.63 3.9 0 
20. 98.18 96.96 97.6 0.86 0.9 0 
21. 95.00 95.35 95.2 0.24 0.3 0 
22. 95.62 95.37 95.5 0.18 0.2 0 
23. 96.97 96.46 96.8 0.36 0.4 0 
 24. 96.35 96.01 96.2 0.24 0.3 0 
25. 96.46 96.84 96.7 0.27 0.3 0 
26. 96.23 95.95 96.1 0.19 0.2 0 
27. 92.68 93.59 93.1 0.64 0.7 0 
28. 94.82 92.16 93.5 1.88 2.0 0 
29. 89.63 89.01 89.3 0.44 0.5 0 
30. 97.13 96.9 97.0 0.16 0.2 0 
31. 93.46 93.87 93.7 0.29 0.3 0 
32. 96.40 98.26 97.3 1.93 2.0 0 
33. 95.44 89.87 92.7 3.94 4.3 0 
34. 96.59 94.01 95.3 1.82 1.9 0 
35. 98.97 95.50 97.2 2.45 2.5 0 
36. 96.35 99.70 98.0 2.37 2.4 0 
37. 86.46 86.56 86.5 0.07 0.1 0 
38. 91.89 90.83 91.4 0.75 0.8 0 
39. 90.95 88.35 89.7 1.84 2.1 0 
40. 94.02 93.31 93.7 0.50 0.5 0 
41. 89.55 88.26 88.9 0.91 1.0 0 
42. 90.04 90.60 90.3 0.39 0.4 0 
43. 96.03 92.36 94.2 2.59 2.8 0 
44. 94.63 95.65 95.3 0.93 1.0 0 
45. 90.16 87.45 88.8 2.71 3.1 0 
46. 91.49 91.36 91.4 0.09 0.1 0 
47. 95.15 93.04 94.1 1.49 1.6 0 
Overall mean   1.02 1.1 0.21 
 
   
 
 
Table 4.5 Parameters for equations of the trend lines showing the 
relationships between percentages of non-erodible soil particles 
(NEP) and some of their properties. 
 
Property Type A B C D R R2 
Clay 3rd. degree polynomial -0.0005 -0.0331 0.7113 46.401 0.6210 0.3857 
Silt % 3rd. degree polynomial 0.026 -1.4703 27.036 -67.054 0.5018 0.2518 
Sand % 3rd. degree polynomial 0.0012 -0.1705 7.3005 -2.5779 -0.6294 0.3961 
OM% 3rd. degree polynomial 5327.2 -5214.4 1685.1 -85.83 0.3102 0.0962 
(Si + S)/C 3rd. degree polynomial 25.42 -111.66 150.31 33.118 -0.6236 0.3889 
C/ (Si + S) 3rd. degree polynomial 12.784 -68.568 98.838 54.142 0.5920 0.3505 
(Si+S)/(C+CaCO3) 3rd. degree polynomial 56.563 -222.12 274.09 -10.974 -0.6468 0.4183 
(Si+S)/ (C+OM) 3rd. degree polynomial 25.172 -110.36 147.97 34.387 -0.6260 0.3919 
SAR 3rd. degree polynomial 0.0181 -0.4287 2.875 89.043 0.3172 0.1006 
Polynomial (3rd. degree):  Y = ax3 + bx2 x + CX + d  
R (0.05) = 0.2875; R (0.01) = 0.3721; R (0.001) = 0.4648 
OM = organic matter; Si = silt; S = sand; C = clay and  
CaCO3 = calcium carbonate. 
 
 
 
 
 
 
 
 4.7 The relationship between soil particles > 0.84 mm and soil 
properties: 
Simple regression analysis (Little and Jakson, 1975) was made to examine 
the relationship between particles> 0.84 mm (NEP) and relevant soil 
properties Table 4.5. 
Fig. 4.1 shows a highly significant (p<0.001, R = 0.6210) 3rd. degree 
polynomial increase in NEP with increase in clay content. Clay content  
accounted for about 39 % of the variability of the NEP. 
Fig. 4.2 shows a highly significant (p<0.001, R = 0.5018) 3rd. degree 
polynomial increase in percent of NEP with increase in silt content. Silt 
content  accounted for about 25 % of the variability of the NEP. 
Fig. 4.3 shows a highly significant (p<0.001, R = 0.6294) 3rd. degree 
polynomial decrease in NEP with increase in sand content. Sand content 
accounted for about 40 % of the variability of the NEP. 
The relationship between NEP and OM (Fig 4.4) shows significant 
correlation (p<0.05, R = 0.3102) 3rd. degree polynomial, the trend line 
depicts a gradual increase in NEP with increase in OM content. OM content 
accounted for about 10 % of the variability of the NEP. 
Fig.4.5 shows a highly significant correlation between NEP and (Si+S)/ C 
ratio (p<0.001, R = 0.6236). The plot shows that NEP obviously decreases 
with the increase of (Si+S)/ C ratio, and the ratio accounted for about 39 % 
of the variability of the NEP. 
Fig.4.6 shows a highly significant correlation between NEP and C/ (Si+S) 
ratio (p<0.001, R = 0.5920) 3rd. degree polynomial. The curve shows that 
the NEP increases with the increase of C/ (Si+S) ratio, and the ratio 
 accounted for about 35 % of the variability of the NEP. 
Fig.4.7 shows a highly significant correlation between NEP and 
(Si+S)/(C+CaCO3) ratio (p<0.001, R = 0.6468) 3rd. degree polynomial. 
There was decrease of NEP with increase in (Si+S)/(C+CaO3) ratio. This 
ratio accounted for about 42 % of the variability of the NEP. 
Fig.4.8 shows a highly significant correlation (p<0.001, R = 0.6260) 
between NEP and (Si+S)/(C+OM) ratio. The 3rd. degree polynomial trend 
line shows that there is decrease of NEP with increase in (Si+S)/(C+OM) 
ratio. This ratio accounted for about 39 % of the variability of NEP. 
Fig. 4.9 shows significant correlation (P<0.05, R= 0.3172) the 3rd. degree 
polynomial trend line of the plot depicts increase of NEP with the increase 
of SAR. The SAR accounted for about 10 % of the variability of the NEP. 
The correlation between NEP, ECe, and CaCO3 was not significant. 
 
 
 
 
 
 
 
         
Fig. 4.1 Non-erodible soil particles (NEP) versus 
clay content
y = -0.0005x3 + 0.0331x2 + 0.7113x + 46.401
R2 = 0.3857
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Fig. 4.2 Non-erodible soil particles (NEP) versus silt content
y = 0.026x3 - 1.4703x2 + 27.036x - 67.054
R2 = 0.2518
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Fig. 4.3 Non-erodible soil particles (NEP) versus 
sand content
y = 0.0012x3 - 0.1705x2 + 7.3005x - 2.5779
R2 = 0.3961
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Fig. 4.4 Non-erodible soil particles (NEP) versus OM 
content
y = 5327.2x3 - 5214.4x2 + 1685.1x - 85.83
R2 = 0.0962
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Fig. 4.5 Non-erodible soil particles (NEP) versus 
(Si+S)/C ratio
y = 25.42x3 - 111.66x2 + 150.31x + 33.118
R2 = 0.3889
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Fig. 4.6 Non-erodible soil particles (NEP) versus C/(Si+S) 
ratio
y = 12.784x3 - 68.568x2 + 98.838x + 54.142
R2 = 0.3505
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Fig. 4.7 Non-erodible soil particles (NEP) versus 
(Si+S)/(C+CaCO3) ratio
y = 56.563x3 - 222.12x2 + 274.09x - 10.974
R2 = 0.4183
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Fig. 4.8 Non-erodible soil particles (NEP) versus 
(Si+S)/(C+OM) ratio
y = 25.172x3 - 110.36x2 + 147.97x + 34.387
R2 = 0.3919
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Fig. 4.9 Non-erodible soil particles (NEP) versus 
sodium adsorption ratio (SAR)
y = 0.0181x3 - 0.4287x2 + 2.875x + 89.043
R2 = 0.1006
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 4.8 Multiple regression analysis: 
Multiple regression analysis between NEP and four soil properties, namely 
clay, sand, silt and CaCO3 gave high significant correlation (P<0.001, R = 
0.495 empirical relationship).  
NEP% = -1636.705+17.372 clay +17.486 silt% +17.102 sand%+ 0.787 
CaCo3%.  
According to this empirical relationship, these soil properties account for 
approximately 49.5% of the variability of NEP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Chapter Five 
General discussion and conclusion 
5.1 General discussion: 
Wind erodibility (WE), which is the susceptibility or ease of detachment and 
transport of soil particles by wind was a primary variable affecting wind 
erosion (Chepil, 1950). 
The non-erodible soil fraction > 0.84 mm as determined by dry sieving has 
been used to indicate erodibility of soil by wind, since they are not entrained 
by common erosive wind (Chepil, 1950, 1955).  
The results obtained from the forty seven field samples of the study area 
showed positive correlation between NEP% and clay, silt and OM contents, 
where that with calcium carbonate was not significant at the 6% level.  
The results showed also highly negative correlation between NEP and sand 
content. The variables of NEP, clay, silt, organic matter and sand accounted 
for approximately 39, 25, 10, and 40 % of the variation of NEP, 
respectively. 
The clay particles act as cementing agents; hence promote soil aggregation 
by increasing the relative proportion of NEP (Emerson, 1959). 
The positive correlation between NEP and clay agrees with the results of the 
previous investigations done by Mustafa and Medani (2003), Medani and 
Mustafa (2003), Mahmed (2004), Rehan (2004) and Abd Elwahab (2005). 
Silt particles are known to be inert, but they showed positive correlation with 
NEP, which agrees with finding of Chepil (1950, 1953) and Mahamed 
(2004). This anomalous behavior may be due to significant correlation 
(R=0.5018) between silt and clay contents. 
 Calcium ions of calcium carbonate were not significant with NEP. This 
small magnitude of CaCO3 (R=0.2553) in the upper layer is due to leaching 
by irrigation application and downward movement of water through the soil.  
Sand particles are inert quartz; they form no aggregation or clods in the 
absence of cementing agent. This negative correlation agrees with all 
previous findings Mustafa and Medani (2003), Medani and Mustafa (2003), 
Rehan (2004) and Abd Elwahab (2005). 
Cement agents produced from breakdown of organic matter have great 
influence on aggregate stability because OM improves and prevents 
deterioration of the physical condition of the soil by its interaction with 
inorganic cation exchange material and by serving as energy for micro-
organisms which promote the stable aggregation of the soil particles and 
decreasing the bulk density of the soil. The positive significant correlation 
and the higher value of (R=0.3106) may be due to application of irrigation 
and good management of crop cultivation.  
Soil erodibility decreases linearly with increasing organic matter content 
over the range of 0-10% (Vorney, Van veen and Paul, 1981). 
As soil particles adsorb and retain cations, due to electrical charges at the 
surface of the soil particles, mainly fine silt, clay, and organic matter, this 
phenomenon may lead to quite small increase in clods which improves the 
positive correlation between NEP and SAR where the accountability was 
about 8 % of the variability of NEP. 
Many attempts have been made to device a simple index for (WE) using 
ratios of the soil components [(Si+S)/C, C/(Si+S), (Si+S)/(C+CaCO3), 
(Si+S)/(C+OM)]. The results of the ratios, showed significant correlation 
with NEP, and the accountability of the ratios was 39, 35, 42 and 39 %, 
respectively.  
 The reasonable comments for the absence of (WE) in the study area agree 
with the previous findings of Chepil (1955) when he stated that the higher 
the proportion of clay and silt in a soil, the greater is the production of clods 
and lower is soil erodibility; and also clods consisting of mixtures containing 
20-30% clay, 40-50 % silt, and 20-40% sand are showing high degree of 
stability (resistant to abrasion). 
5.2 Conclusions and recommendations: 
1. The study area in Sennar State gave no indications of wind 
erodibility.  
2. Very clearly, the study  showed appreciable amounts of clay  
which can be used as good indicators of NEP 
3. .3.Any of the four primary soil properties (clay, silt, sand, and 
OM) or the ratio (Si+S)/(C+CaCO3) can be used as good 
indicators for NEP. 
4. Since SAR has a profound effect on NEP, more investigations 
must be done. 
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